A number of developmental disorders of genetic origin show atypical aspects of face processing. However, little is known about face processing in Prader-Willi syndrome (PWS). PWS is of specific interest because it has two modes of inheritance (paternally derived deletion, DEL; maternal uniparental disomy, UPD) only one of which (UPD) is associated with an increased risk of autistic symptomology. We conducted electrophysiological (ERP) and behavioural measurements of face and eye-gaze processing in individuals with PWS derived from both modes of inheritance. Our hypothesis that UPD PWS would show a pattern of deficits resembling those seen in autism was only partially confirmed. Although some individuals from both groups showed deficits, as a whole the UPD group (N ¼ 8) and the DEL group (N ¼ 8) did not differ on behavioural measures of face processing or autistic symptoms. In contrast, the effect of face orientation and gaze direction on the amplitude of the N170 ERP component differed between the two PWS sub-types. Thus, while the behavioural tests did not discriminate between the UPD and deletion forms of the syndrome, electrophysiological measures of face processing did differentiate the groups.
A number of developmental disorders of genetic origin show atypical aspects of face processing. However, little is known about face processing in Prader-Willi syndrome (PWS). PWS is of specific interest because it has two modes of inheritance (paternally derived deletion, DEL; maternal uniparental disomy, UPD) only one of which (UPD) is associated with an increased risk of autistic symptomology. We conducted electrophysiological (ERP) and behavioural measurements of face and eye-gaze processing in individuals with PWS derived from both modes of inheritance. Our hypothesis that UPD PWS would show a pattern of deficits resembling those seen in autism was only partially confirmed. Although some individuals from both groups showed deficits, as a whole the UPD group (N ¼ 8) and the DEL group (N ¼ 8) did not differ on behavioural measures of face processing or autistic symptoms. In contrast, the effect of face orientation and gaze direction on the amplitude of the N170 ERP component differed between the two PWS sub-types. Thus, while the behavioural tests did not discriminate between the UPD and deletion forms of the syndrome, electrophysiological measures of face processing did differentiate the groups.
Atypical face processing has been described in several developmental disorders of genetic origin. For example, in both autism and Williams syndrome, subtle deficits in face processing have been reported, including deficits in eye-gaze direction detection (Baron-Cohen, 1995) , and featural rather than configural processing styles (Happe, 1999) . It has also been proposed that at least some cases of developmental prosopagnosia may have a genetic origin (Behrmann, Avidan, Marotta, & Kimchi, 2005; Jones & Tranel, 2001) . At least in the cases of autism and developmental prosopagnosia, the genetic causes of the conditions are currently poorly understood (Happe, Ronald, & Plomin, 2006) making it challenging to understand the genetic basis of face-processing abilities. An alternative strategy to relating genes to cognition is to investigate face processing in syndromes where the genetic pathways are better understood. Prader-Willi Syndrome (PWS) is a neurodevelopmental disorder characterized by neonatal hypotonia, hypogonadism, hyperphagia with progressive obesity, short stature, small hands and feet, hypopigmentation and characteristic facial features as well as mild to moderate mental retardation (Butler, 1990; Holm et al., 1993) . The syndrome has been of great interest from a genetic standpoint because it was one of the first examples in humans of the existence of imprinted genes. Genomic imprinting refers to a phenomenon whereby the expression of genes is determined by their parent of origin. Thus, some genes are only expressed on the maternally derived chromosome and others are only expressed from the paternally derived chromosome. Several chromosomal regions are now known to harbour imprinted genes, but little is currently known about the relation, if any, to faceprocessing abilities.
On a molecular level, Prader-Willi syndrome is caused by the absence of imprinted genes that are normally expressed solely from the paternally derived copy of chromosome 15q11-13. In approximately 70% of cases, this is due to a deletion of the 15q11-13 region on the paternally derived chromosome. The deletion typically includes the whole of the Prader-Willi/Angelman Critical Region (PWACR) (Cassidy et al., 1997; Mascari et al., 1992) . This region contains a number of imprinted and non-imprinted genes, several of which may contribute to the development of the phenotypic features of the syndrome. In the majority of other (non-deleted) cases, PWS is caused by maternal uniparental disomy (UPD) in which both copies of chromosome 15 are derived from the mother. As a result, there are no paternally expressed genes and the syndrome therefore becomes manifest.
A recent study has reported phenotypic differences between deletion and UPD PWS patients and has shown that UPD cases seem to exhibit more autistic-type behaviours than deletion cases (Milner et al., 2005) . This finding adds to the results from other studies that have investigated the phenotype associated with duplications and triplications of 15q11-13 (e.g. supernumerary marker chromosome 15), where it has also been found that those with maternally derived abnormalities (where there is over expression of maternally expressed genes) are at increased risk for autism spectrum disorders (ASD; Bolton et al., 2001; Browne et al., 1997; Cook et al., 1997; Martinsson et al., 1996) . In view of the evidence for these differences between the UPD and deletion forms of PWS, and the importance of the potential insight into the influence of these genetic differences on the neurodevelopmental underpinnings of social cognition and autism, we focused our studies on the integrity of systems specialized for face processing in PWS.
The present study is the first to investigate different aspects of face processing in PWS. With this in mind, our strategy was to employ very well-characterized behavioural and electrophysiological measures of face and gaze perception in order to allow close comparisons with previous studies and other populations. This has the particular advantage for developmental disorders that potential developmental delays can be ascertained by comparison with normative data from typically developing infants and children. Electrophysiological studies using event-related potentials (ERPs) to record brain activity have consistently shown that faces elicit a negative potential that occurs most prominently over occipito-temporal scalp regions and peaks between 150 and 170 ms after stimulus onset (Bentin, Allison, Puce, Perez, & McCarthy, 1996; . This ERP component, the N170, is sensitive to faces in that it is of larger amplitude and/or shorter latency to faces compared with most other stimuli, including, hands, feet, trees, cars, letters, or words (Bentin et al., 1996; George, Evans, Fiori, Davidoff, & Renault, 1996; Itier & Taylor, 2004 , but see also Rossion et al., 2000) . The N170 is commonly considered an electrophysiological marker for the structural encoding of upright faces . Face inversion is thought to disrupt configural processing of faces (Freire, Lee, & Symons, 2000; Rhodes, 1993; Tanaka & Farah, 1993) ; and matching or recognition of inverted faces leads to decrements in adults' performance. The behavioural effects of face inversion seem to also be reflected at the N170 in that it increases the amplitude and/or delays the latency of the N170 Rossion et al., 2000) .
While most authors propose that the N170 reflects mechanisms related to the structural encoding of faces (Eimer, 1998 Shibata et al., 2002) , others have argued that the N170 is associated with eye-processing mechanisms (Bentin et al., 1996) . This conclusion is based on the findings that have shown that, compared with faces, eyes alone elicit a larger N170 (Bentin et al., 1996) . Several studies have investigated the sensitivity of the N170 to differences in gaze direction in infants (Farroni, Johnson, & Csibra, 2004) ; as well as adults with and without autism (Grice et al., 2005; Schuller & Rossion, 2004; Senju, Tojo, Yaguchi, & Hasegawa, 2005; Taylor, Itier, Allison, & Edmonds, 2001; Watanabe, Miki, & Kakigi, 2002) . In one study, we (Grice et al., 2005) recorded high-density ERPs from young children (3.5-7 years old) with autism and their age-matched controls, while they passively viewed faces with direct or averted gaze. We found that in children with autism, direct gaze elicited an enhanced negativity over occipito-parietal electrode sites. This result is consistent with those observed in typically developing 4-month-old infants (Farroni et al., 2004) . In contrast, the age-matched controls were like adults in that they did not show sensitivity to gaze direction (Grice et al., 2005) .
In the present study, we used high-density ERP scalp recordings (Johnson et al., 2001; Tucker, 1993) to measure electrophysiological brain activity as participants passively viewed faces. Faces were presented in four conditions: upright or inverted with direct or laterally averted gaze (left or right). We employed these tasks since our strategy is to use ERP tasks that have already been well described in the literature, and for which we have already published developmental and clinical data (e.g. de Haan, Pascalis, Farroni, Csibra, Simion, & Johnson, 2002; Grice et al., 2001 , Grice et al., 2005 Halit, de Haan, & Johnson, 2003) . The use of a passive viewing paradigm eliminates the need for task instructions or responses and is therefore suitable for clinical populations and young children. In addition to the electrophysiological data, we also acquired behavioural data regarding face recognition and gaze processing in PWS. Since this is an initial exploration of possible face deficits in PWS, we used three commonly used measures of different aspects of face and social perception. Thus, participants were assessed on the Benton Face Recognition Task (BFRT; Benton et al., 1983) , the Eye Direction Detection Task (Leekam, Baron-Cohen, Brown, Perrett, & Milders, 1997) , and the Social Communication Questionnaire (SCQ), a screening instrument for Autistic Spectrum Disorders. These behavioural data were used in conjunction with the ERP data to carry out a secondary analysis aimed at investigating the relationship between behavioural performance on tests of face/gaze recognition and the N170.
Based on evidence from previous studies that UPD cases show a high prevalence of behavioural symptoms characteristic of autism, we predicted a specific pattern of behavioural and electrophysiological effects in the UPD group. Specifically, we predicted that the UPD group would show deficits in the eye direction detection task and the SCQ. With regard to ERP measures, we predicted that UPD cases will show a reduced or absent N170 inversion effect, and atypical modulation of the same component by eye-gaze direction. In contrast, we expected to observe neurotypical adult performance on all behavioural and electrophysiological measures in the DEL group.
Participants
The final sample consisted of eight deletion (mean age: 35.4 years, age range: 20-53 years) and eight disomy (UPD) PWS adults (mean age: 31.9 years, range: 19-52 years). A further one deletion case and three UPD cases were excluded due to poor ERP data quality (see later). All participants had received prior genetic testing and were part of a larger study on the PWS phenotype (Milner et al., 2005) . Intellectual abilities were assessed using the Wechsler Abbreviated Scale of Intelligence or the Ravens Standard and Coloured Progressive Matrices. The mean full scale IQ of the PWS deletion cases was 77 (SD ¼ 16) and the mean for 7 of the PWS UPD cases was 66 (SD ¼ 22). Thus, the groups did not differ significantly in intellectual level. All participants gave written informed consent and received a certificate and a book token for taking part.
Stimuli
The stimuli (see Figure 1) were full colour photographic images of human female faces directing their gaze straight-on to the viewers (direct gaze) or averted to either the right or left (averted gaze), and were identical to those used in a previous study (Farroni et al., 2002) . Half of the faces were presented upside down, and three different face identities were used. The factors of gaze and orientation resulted in four experimental conditions: upright direct; upright averted; inverted direct; and inverted averted. The faces were presented against a grey background and subtended a horizontal angle of 10.28 and a vertical angle of 15.88 when viewed from a distance of 90 cm.
ERP recording
ERPs were recorded using a Geodesic sensor net consisting of 128 silver-silver chloride electrodes evenly distributed across the scalp (Tucker, 1993) . A ground electrode was positioned at the back of the head above the neck. All bio-electrical signals were recorded using EGI NetAmps (Eugene, OR). The signals were recorded referenced to the vertex, with a bandpass filter of 0.1-100 Hz and with gain set to 10,000 times. Impedance was reduced to below 50 Kohms. EEG was recorded continuously throughout the test sessions with a sampling rate of 250 Hz. Stimulus duration was 500 ms with a variable inter-stimulus interval between 800 and 1200 ms. In order to be able to eliminate trials containing artefacts caused by eye-movements the electro-occulogram (EOG) was recorded from electrodes positioned above both eyes and on the outer canthi.
General procedure
After the sensor net was applied, each participant passively viewed the faces while seated on a chair approximately 90 cm from a 21 inch-computer monitor mounted in a black background. The participant was readily observable to the experimenters at all times via a video-camera situated directly beneath the monitor. Stimuli were presented in random order and with equal probability until the participant had viewed 100 trials of each condition or became inattentive, distracted, or unwilling to continue.
ERP waveform analysis
The continuous EEG recording was divided to create segments from 200 ms prestimulus onset to 600 ms post-stimulus onset (i.e. 800 ms segments). Data were edited for artefacts and digitally filtered offline with a 30 Hz low-pass elliptical filter. Data from each sensor were removed if they contained artefacts created by movement or poor contact. The entire trial was excluded if data from more than 12 sensors were removed or if the trial contained an eye blink. Data were baseline corrected and then individual participant averages were computed for each trial type. While we set a minimum of 10 good trials per condition, most conditions for most participants had over 20 trials. Individuals with more than 10 bad channels in their averages were excluded from further analysis (one DEL and three UPD cases). Missing data for participant with 10 or fewer bad channels were interpolated using spherical spline interpolation from the individual participant averages. Data were re-referenced to the average reference. ERP data analyses were carried out on a previously identified face-sensitive component, namely the N170. The timing and scalp distribution of the N170 was similar to a typical adult group: the N170 peaked around 162 ms after stimulus onset and occurred most prominently over occipito-temporal sites. Sensors that made up the channel groups were: left medial (60,61,66,67,71,72); left lateral (58(T5),59,64,65,69,70); right medial (77,78,79,84,85,86); and right lateral (90,91,92,95,96,97(T6) ) (Johnson et al., 2001 ; see Figure 2 ). The effects of gaze and inversion on the amplitude and latency of the N170 were tested by computing two measures: (1) peak amplitude (mV) within the timewindow 120-220 ms and (2) peak latency (ms) by calculating the time at which the peak occurred. These measures were analysed separately in a Mixed 2 £ 4 £ 2 £ 2 ANOVA with Group (DEL and UPD) as a between-participants factor and condition (either upright direct vs inverted direct, or upright direct vs upright averted), hemisphere (left vs right) and site (lateral vs medial) as within-participants factors. Greenhouse-Geisser corrected p-values were used for within-participants factors and post hoc t tests were conducted where appropriate.
Behavioural tests
In order to evaluate unfamiliar face recognition, we used the long form of the Benton Face Recognition Task (BFRT; Benton et al., 1983) . The long form has 22 items with 54 possible points. On each item, participants are presented with a target photo (black and white images of males and females with hair and clothing shaded out), and they are asked to choose the target individual from six faces presented simultaneously with the target photo. There are no time constraints imposed and the categorization scores of this task are: normal, 41-54; borderline, 39-40; impaired, 37-38; and severe impairment, , 37.
We also used the eye direction detection task (Leekam et al., 1997) to test individuals' geometric understanding of gaze direction. In this task, participants are asked which of three coloured pegs a person in a photo is looking at. The task varies in difficulty according to the distance between pegs.
The Social Communication Questionnaire (SCQ) is a screening instrument for autistic spectrum disorders (ASDs) and was completed by a parent. The SCQ is a 40-item checklist covering areas of communication, reciprocal social interactions, and restricted and repetitive behaviours and interests. The totals are compared with a cut-off of . 15 for ASD and . 22 for autism. These behavioural data were used in conjunction with the ERP data to carry out a secondary analysis aimed at investigating the relationship between behavioural performance on tests of face/gaze recognition and the N170.
Results

N170 amplitude
The analysis of the N170 peak amplitude revealed a main effect of face type [Fð1; 15Þ ¼ 5:63 p , :05; see Figure 3 for ERP waveforms]. This main effect was qualified by a trend towards significance for the two-way interaction between PWS subtype and face type [Fð1; 12Þ ¼ 3:40 p ¼ :07]. Follow-up tests were carried out in order to determine the effects of face orientation and gaze orientation in the two groups separately. The results showed that in the DEL group the amplitude of the N170 was not sensitive to face orientation or gaze direction. However, in the UPD group the N170 was larger in response to averted gaze [2 4.28 (3.25 
N170 latency
The analysis of the N170 peak latency showed that there was a main effect of face type [Fð1; 15Þ ¼ 8:93 p , :01]. Post hoc tests revealed that in both groups the N170 peaked later for inverted compared with upright faces (tð15Þ ¼ 22:8 p , :05), whereas there was no effect of gaze direction on the latency of the N170. In addition, a main effect of hemisphere revealed the N170 peaked earlier in the left versus the right hemisphere [Fð1; 15Þ ¼ 9:54 p , :01]. A main effect of electrode site [Fð1; 15Þ ¼ 19:35 p , :01] showed that the N170 peaked quickest at medial versus lateral sites. Furthermore, the main effects of face and site were qualified with a face £ site interaction [Fð1; 14Þ ¼ 3:99 p , :05] showed that upright faces were processed quickest at lateral sites (tð15Þ ¼ 24:13 p ¼ :01). No other main effects or interactions occurred for the latency of the N170.
To summarize, in both genetic subtypes of PWS, faces elicited an N170 that was of approximately similar time course and scalp distribution as seen in typical adults (de Haan et al., 2002) . However, the effect of face orientation and gaze direction on the amplitude of the N170 differed between the two PWS subtypes. In the case of the DEL group, the amplitude of the N170 did not differ in response to upright and inverted faces or faces with direct or averted gaze. In contrast, in the UPD group the N170 was larger for averted gaze and inverted faces. In both PWS groups, the N170 was delayed by face inversion and unaffected by gaze direction.
Behavioural data t Tests showed that for all three behavioural tasks (Benton, Eye, SCQ) the mean scores did not differ significantly between the two PWS groups (see Table 1 ), although there was a non-significant tendency for the UPD group to perform more poorly on the gaze direction detection task. For the Benton, our results showed that for the deletion group, five out of eight individuals' scores fell within the normal range (with one moderately impaired, one severely impaired, and one borderline), and for the UPD group, four out of six scored within the normal range (with two scored as borderline, and two who failed to complete the task).
Secondary analysis: relations between ERP and behavioural results
A secondary aim of the present study was to investigate a possible relationship between performance on behavioural tests of face processing and the neural correlates of face processing. For this analysis, ERPs were combined according to participants' performance on each of the three behavioural measures. For each measure, the scores of both groups were pooled together and a median score was calculated. The median score was then used to split the ERP data according to whether individuals' scores fell above or below the median value.
Benton median split
The median score for the Benton was 42 resulting in a split with eight participants scoring , 42 and eight scoring . 42. Statistical analyses showed that the amplitude and the latency of the N170 did not differ between groups and there was no interaction between PWS group and face type. However, in both groups inverting faces significantly increased the amplitude of the N170 [Fð1; 12Þ 
Median split SCQ
The median score of 14 gave rise to eight participants scoring , 14 and seven scoring . 14. There were no between-group differences for the amplitude or latency of the N170. The only significant effect showed that the N170 peaked quicker in the left (176.12 ms SE ¼ 5:2) versus right (181.42 ms SE ¼ 4:34) hemisphere. In summary, for all three behavioural measures, performance did not differ between the two PWS subtypes. Investigating the relation between behavioural performance and electrophysiological measures showed that performance on the Benton and SCQ did not differentiate between the amplitude and latency of the N170. In contrast, in individuals who scored well on the eye task, the N170 was of larger amplitude and shorter latency than those individuals who scored poorly.
Discussion
The present study is the first to investigate the neural correlates of face and gaze processing in Prader-Willi Syndrome. We hypothesized that the two different genetic causes of PWS would show different patterns of face processing as measured by ERP and behavioural tests. More specifically, we predicted atypical patterns of data from the UPD group that would resemble those previously observed in participants with autism, and neuro-typical responses in the deletion group. Intriguingly, while we could not clearly dissociate the two groups on the basis of the behavioural measures we used (behavioural phenotype), we were able to show significant differences in their ERP response to faces.
In both PWS subtypes, the overall scalp distribution and general timing of the ERP component elicited by faces was similar to that previously recorded from typical adults, thus establishing that future ERP studies of this syndrome may be worthwhile. That is, P1, N170, and P2 ERP components could be clearly identified and their amplitude and latency measured. A primary analysis examined the effects of gaze direction and face orientation on the amplitude and latency of the N170 obtained from the two PWS subtypes. The results showed that for the UPD group, face inversion and gaze aversion modulated the amplitude of the N170 (bilaterally). In contrast, for the deletion group, the amplitude of the N170 did not differ in response to gaze direction or face orientation. In both PWS subtypes, the latency of the N170 was delayed by face inversion and was unaffected by gaze direction.
In typical adults, numerous studies including some conducted by us with nearly identical methods and stimuli (de Haan et al., 2002) have found that inverting faces increases the amplitude and delays the latency of the N170 (Bentin et al., 1996; Eimer & McCarthy, 1999; Rossion et al., 2000) . The present findings suggest that in both PWS subtypes, the mechanisms underlying the processing of faces are sensitive to face orientation. However, the UPD group results appear to be more similar to the inversion effect observed in typical adults, that is the enhanced and delayed N170, whereas, in the deletion group it was only the latency of the N170 that was sensitive to inversion. Thus, it is the deletion group, and not as predicted the UPD group, who show the weaker inversion effects that characterize adults with autism (Grice et al., 2001) .
We also examined the effects of gaze direction on the N170. Consistent with our predictions, the UPD group showed sensitivity to gaze direction in that gaze aversion enhanced the amplitude of the N170. In contrast, the deletion group N170 did not differ between faces with direct or averted gaze. Thus, with ERP measures of eye-gaze processing the UPD group produced results similar to those seen in groups of individuals with autism. Thus, both groups showed atypical ERP responses to faces that resembled in different respects the pattern seen in children and adults with autism.
While the two groups showed different ERP responses to faces, we could not dissociate them on the cognitive and behavioural measures we used. Specifically, the Benton test, eye direction detection task and SCQ scores did not differ significantly between the two genetic subtypes of PWS. While some individuals from both groups performed poorly on the face-and gaze-processing tasks, overall group performance was within the normal range. We acknowledge the possibility that with a much larger sample size, or other tasks, such differences could be found (see Milner et al., 2005) . Correspondingly, while we did not find a significant difference in average IQ between the groups, the magnitude of the difference was substantial. However, the data from the present study suggest that ERP measures may be more sensitive than cognitive and behavioural measures in dissociating different genetic routes to a common behavioural phenotype. The finding that ERP differences can be observed in the absence of behavioural differences is not unprecedented in either the clinical or the developmental literature. For example, while individuals with Williams Syndrome and autism both show similar deficits in the configural processing of faces by displaying a reduced inversion effect, their ERP and EEG responses to faces differ significantly (Grice et al., 2001) . Thus, direct measures of brain function may be more sensitive to differences in processing than behavioural responses.
The three behavioural measures were used to perform a secondary analysis, in which ERP data were grouped according to a median split on these tasks. For the Benton and SCQ, there was no difference in the two groups. However, the N170 was of larger amplitude and shorter latency when the groups were split according to performance on an eye direction detection task. This preliminary finding will obviously require replication with a larger sample of neurotypical individuals.
Taken together, our results indicate that while individuals from both PWS groups can show poor performance on behavioural measures of face processing, these measures did not discriminate between the two modes of inheritance in our sample. In contrast, electrophysiological responses to faces are different between the groups. Future work will be required to explore this possible association, and the genetic basis of face processing, in more detail.
